Diagnostic workup for JNA includes flexible endoscopic examination, CT scanning, and MRI. CT imaging is best used for determining bony changes, whereas MRI looks for soft-tissue destruction. 19 Anterior bowing of the posterior maxillary wall, the Holman-Miller sign, is pathognomonic for JNA. 37 A variety of staging criteria systems are used, 2, 6, 11, 23, 27, 32, 33 each based on tumor spread. In addition, angiography is often performed to identify the primary vessels that feed the tumor, and allows for preoperative embolization to reduce intraoperative blood loss. 21 The treatment of choice for JNA is surgical excision, either by endoscopic, endoscopic-assisted, or open surgical approaches. 16, 26, 28 With the advent of minimally invasive endoscopic techniques, however, there have been several studies assessing the effectiveness of endoscopic resection of JNA. 4, 7, 12, 18, 20, 22, 24, 30, 35, 36 In particular, the infratemporal fossa (ITF) is one of the most difficult areas to access during skull base surgery. More extensive JNAs that extend intracranially or extend into the lateral regions of the ITF become more challenging to resect via a purely endoscopic endonasal approach. Combined approaches that incorporate a transcranial approach and/or a sublabial Caldwell-Luc maxillotomy may be necessary in some cases when a purely endoscopic endonasal approach reaches its surgical limitations. Although visualization of the lateral ITF can be achieved with angled endoscopes, the surgical maneuverability of instruments via a binostril approach is limited by the nasal pyriform aperture.
We have previously reported on a cadaveric study illustrating a graduated multiangle endoscopic approach to the ITF that uses multiple operative corridors that complement the binostril endoscopic corridors to achieve adequate access and surgical freedom to lesions of the ITF. 8 In this paper, we apply the principles of multicorridor surgery and describe a graduated multiangle, multicorridor approach for resection of complex JNAs. Four different surgical corridors (ipsilateral nostril, contralateral nostril, sublabial Caldwell-Luc maxillotomy, and transcranial) were used in various combinations in a stepwise fashion depending on the size and location of the JNA. We illustrate this concept in 4 patients with JNAs of various sizes and tumor extension to demonstrate how graduated use of multiple surgical corridors provides individualized access to JNAs involving deep areas of the skull base, to facilitate effective oncologic resection.
case illustrations and surgical approaches
Four patients with JNAs from the PPF and/or ITF, each with a unique extent and location in the skull base, are presented to illustrate the concept of a graduated multiangle, multicorridor surgical approach. Each of these patients underwent resection via this approach using a combination of the following 4 surgical corridors, based on tumor size, location, and extent (Table 1) : 1) an ipsilateral endonasal approach (uninostril); 2) a contralateral transseptal approach (binostril); 3) a sublabial, endoscopic, Caldwell-Luc maxillotomy approach; and 4) an orbitozygomatic, extradural, transcavernous, microsurgical approach (transcranial). One patient underwent resection via an ipsilateral endonasal uninostril approach (Corridor 1) only. One patient underwent a binostril approach that included an additional contralateral, transseptal, binostril approach (Corridors 1 and 2). One patient underwent a binostril approach with an additional sublabial Caldwell-Luc approach for lateral extension into the ITF (Corridors 1-3) . One patient underwent a combined transcranial and endoscopic endonasal/ sublabial Caldwell-Luc approach (Corridors 1-4) for an extensive JNA tumor involving both the lateral ITF and cavernous sinus. The clinical reports for each of these 4 cases are detailed. This study qualifies as human subject research, and the protocol was approved by the institutional review board of the Rutgers University, New Jersey Medical School. The various approaches used were deemed feasible and safe based on previous cadaveric studies. 8 
case 1: ipsilateral endoscopic endonasal approach (uninostril corridor)
A 22-year-old man with a history of worsening leftsided nasal obstruction presented with recurrent epistaxis. Nasal endoscopy revealed a smooth-walled mass obstructing the left nasal cavity between the middle turbinate and the nasal septum. CT and MR images of the paranasal sinuses revealed a contrast-enhanced lesion between the left middle turbinate and nasal septum measuring approximately 4.7 × 4.4 × 3.2 cm and extending posteriorly to the nasopharynx, left PPF, and through the sphenoid rostrum on the left side. No ITF extension was noted (Fig. 1) .
A left, endoscopic, ipsilateral, endonasal transpterygoid approach was used to access this tumor via a uninostril corridor. A modified left medial maxillectomy was performed to provide access to the PPF in the event a sphenopalatine or internal maxillary artery ligation was necessary. The middle turbinate was then removed for better visualization and access to the mass. This allowed for full exposure of the lesion and a successful complete circumferential resection of the mass was achieved. Hemostasis was maintained throughout the procedure (Fig. 2) .
Postoperatively, the patient did well and did not have any major complaints. He was discharged to home on (Fig. 3) .
Embolization of the tumor was performed preoperatively. A binostril, endoscopic endonasal transpterygoid approach was performed to resect this lesion (Video 1). Initially, an endoscopic ipsilateral, modified medial maxillectomy was performed to gain wide access to the maxillary sinus and lateral portions of the tumor. A transnasal septotomy was also performed by raising bilateral mucoperichondrial/mucoperiosteal flaps, which were pushed posteriorly into the nasopharynx to protect them during the procedure. A window was then made in the nasal septum by resecting necessary bone and cartilage while preserving an adequate dorsal and caudal strut. This allowed for improved visualization and instrumentation laterally by providing a wider angle of attack through the contralateral nasal cavity (Fig. 4) . It also permitted the use of a 2-surgeon, 3-to 4-handed surgical technique through 2 nostril working corridors. A septotomy was preferred over a posterior septectomy because it allowed for a more anterior opening in the septum, which provided a better angle to the medial portions of the ITF without requiring an additional Caldwell-Luc maxillotomy approach. A gross-total resection was achieved (Fig. 3) ; however, the bone covering the temporal lobe dura had been made very thin by the tumor and a small dural defect with slow CSF egress (low-flow leak) was identified. This was repaired with 2 layers of a regenerative tissue matrix (Alloderm; LifeCell), one as an underlay and another as an overlay. The 2 mucoperichondrial/mucoperiosteal flaps were reapproximated anteriorly to cover the septal defect.
Postoperatively, the patient did well and was discharged home on postoperative Day 4 without any CSF leakage. Four months postoperatively, the skull base defect was well covered and the nasal septum had healed without perforation. case 3: ipsilateral endoscopic endonasal approach, contralateral endonasal septotomy, and ipsilateral endoscopic caldwell-luc maxillotomy (binostril and transmaxillary corridors)
A 13-year-old boy initially presented with nasal obstruction. Nasal endoscopy showed a nasopharyngeal mass extending into the right nasal cavity. CT and MRI revealed a 3.7 × 5.0 × 4.5-cm vascular mass involving the nasopharynx extending into bilateral nasal cavities, bilateral sphenoid sinuses, and the right PPF and ITF. There was evidence of extension into the right inferior orbital fissure and erosion of the anterior clivus and pterygoid plate (Fig. 5) . A combined endoscopic, multiangle, binostril, endoscopic endonasal, transpterygoid, and sublabial CaldwellLuc maxillotomy approach was used to access the tumor after preoperative angioembolization. A posterior septectomy and an ipsilateral medial maxillectomy were performed. This allowed for wide exposure and a wide-angle approach to the ITF. The additional Caldwell-Luc maxillotomy provided a third corridor for direct access to the far-lateral portions of the ITF that were difficult to reach with the binostril corridors (Fig. 6) . The endoscope and surgical instruments were placed interchangeably in all of the 3 surgical corridors in various combinations to provide the proper visualization and surgical freedom to achieve a gross-total resection of this extensive tumor.
Postoperatively, the patient was neurologically intact without complications. He was discharged to home on postoperative Day 4. The patient later developed geometrical alopecia from the radiation exposure associated with angioembolization. Six months postoperatively, he was doing well without any evidence of tumor recurrence, and had total resolution of the alopecia (Fig. 5 ). A 17-year-old male patient presented with recurrent epistaxis. Nasal endoscopy revealed a mass obstructing the left nasal cavity and deviating the septum to the right.
Imaging demonstrated a 5 × 7 × 6.5-cm highly vascular tumor centered in the left PPF. It extended medially into the nasal cavity and nasopharynx, and laterally into the masticator and buccal spaces and lateral ITF region. The foramen rotundum was widened with tumor extending intracranially into the cavernous sinus. There was evidence of invasion of the orbital floor with preservation of the intraconal space and extension of tumor to the epidural space of the left temporal lobe through the left superior orbital fissure (Fig. 7) .
A multicorridor, multiangle approach (4 corridors) was performed using a combined single-stage, binostril, endoscopic endonasal Caldwell-Luc and orbitozygomatic transcavernous approach after preoperative embolization of the tumor (Fig. 8, Video 2) . Because of intracranial extension and involvement of the cavernous sinus, a decision was made to perform an orbitozygomatic extradural transcavernous approach to decompress and dissect the tumor off of the cavernous sinus and cavernous carotid artery, and remove the portion of the tumor that had been encroaching into this space (Fig.  8) . Once this was achieved, the remaining extracranial portion of the tumor was approached using the 3 endoscopic portals from below (combined binostril and sub- labial Caldwell-Luc maxillotomy) to resect the tumor in the nasal cavity, PPF, and ITF (Fig. 9) . The Caldwell-Luc corridor provided excellent access and visualization of the tumor extending laterally into the ITF and buccal space.
The Caldwell-Luc approach was performed by making an ipsilateral sublabial incision and elevating the soft tissue and periosteum off the anterior maxillary sinus wall. An anterior maxillary sinus antrostomy was then performed, which allowed for better visualization and access to the tumor in the far lateral portions of the ITF. An endoscopic, modified medial maxillectomy was then performed on the ipsilateral side for wide exposure and improved endonasal access to the PPF and ITF. Finally, a posterior septectomy window was then created to allow for a binostril 3-to 4-handed technique. All portions of the tumor could now be accessed both for visualization and instrumentation maneuverability through a combination of these 4 corridors (Fig. 9) . A gross-total resection was achieved with preservation of V1, V2, and V3.
Postoperatively, the patient was neurologically intact with the exception of mild V2 numbness, which improved at 1-year follow-up. On postoperative Day 2, the patient manifested a CSF leak arising from the temporal fossa defect. This was successfully reconstructed endoscopically with a multilayered acellular dermal allograft repair. Immediate postoperative MRI on Day 1 and at 4 months showed complete resection of the tumor without any evidence of residual or recurrent tumor (Fig. 10) .
Six months postoperatively, a surveillance contrastenhanced CT scan revealed a small recurrent lesion in the pterygoid and preclival region. The patient underwent successful binostril endoscopic endonasal resection of the tumor without complications. At 33 months' follow-up, the patient remained neurologically intact without tumor recurrence. discussion JNA is a rare entity with an incidence reported to be approximately 0.4 cases per million, and it predominantly affects adolescent boys. 13 These tumors typically present with epistaxis, nasal obstruction, and a nasopharyngeal mass.
14 CT and MRI are predominantly used to determine localization and staging for JNAs, which are typically found in the nose and PPF, with bony erosion seen on CT scanning. 19 However, these tumors can grow into adjacent compartments of the skull base, such as the ITF and intracranial cavity. JNA that involves multiple compartments can be challenging to access surgically and has previously been approached by external open transfacial procedures that can carry substantial morbidity. 10, 12, 26, 38 With the introduction of endoscopic skull base techniques, the surgical landscape has changed to now include endoscopic approaches as well as endoscope-assisted approaches to provide access to these tumors. 4, 7, 9, 12, 18, 20, 30, 36 With this shift in surgical paradigms, the staging criteria used for JNA were revised by Snyderman et al. 33 to place a higher emphasis on cranial base extension and remaining vascularity postembolization, characteristics they believed to be more predictive of morbidity and tumor recur- Currently, the most common approach to the ITF is the transcervical approach in a relaxed skin tension line, as it provides adequate access without poor cosmetic outcome and risk to the facial nerve. 8 This approach is not without limitations, as it is particularly challenging in tumors with great medial and superior extension. 8 The increased use of the endoscope has led to the development of techniques that could provide increased access to challenging areas of the skull base. Other authors have described endoscopic approaches to the ITF, but many of these approaches possess a variety of limitations.
graduated stepwise, multiangle, multicorridor approach In our paper, we demonstrate a graduated, stepwise technique using a multiangle, multicorridor approach to these formidable skull base lesions. The 4 illustrative cases demonstrate how graduated use of multiple surgical corridors provides individualized access to JNAs involving deep areas of the skull base to facilitate effective oncologic resection (Table 1) . JNAs within the nasal cavity and PPF have been well studied using the endoscopic endonasal approach. 1, 5, 9 The illumination of deep areas and panoramic visualization provided by variable angled endoscopes renders this approach far superior to open external approaches to the PPF.
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Our graduated, stepwise approach is based largely on tumor size, location, and extent (Table 2 ). For smaller tumors confined to the ipsilateral nasal cavity and PPF, a uninostril approach can be performed (Case 1). As JNAs increase in size and involve both nasal cavities and extend the medial aspect of the ITF, a binostril approach with a septectomy or septotomy is performed (Case 2). For tumors that extend to the lateral ITF, an additional CaldwellLuc corridor facilitates access and tumor removal from the lateral ITF (Case 3). Last, if the JNA invades intracranially, an additional transcranial corridor can be considered, particularly if vascular control of the cavernous ICA is warranted (Case 4).
In Case 1, where the tumor was located in the nasal cavity with extension to the PPF, visualization and total tumor resection were achieved using an ipsilateral (uninostril), endoscopic endonasal approach. In smaller tumors confined to this region, a purely uninostril approach can be performed to spare disruption and morbidity of the contralateral nasal cavity.
In Case 2, the tumor was larger with bilateral nasal cavity involvement and lateral extension through the PPF into the ITF. Here, a second corridor was added using the contralateral nostril and septotomy to allow for a binostril endoscopic endonasal approach using the 4-handed, 2-surgeon technique. 17, 29 Perfoming an ipsilateral medial maxillectomy and transpterygoid approach via binostril corridors provided more lateral access of the tumor within the ITF.
37
In Case 3, the tumor involved the nasal cavity, PPF, and extended to the far lateral portion of the ITF. Thus, the addition of the third corridor (ipsilateral endoscopic Caldwell-Luc maxillotomy) provided direct access to the entire ITF. 8, 34 The Caldwell-Luc maxillotomy is particularly effective in lesions that are located very anterior and lateral in the region of the canine fossa. 8 We prefer this approach over a Denker's anteromedial maxillectomy, which may have a higher risk of cosmetic nasal deformity postoperatively. It has been previously noted, however, that there is a significant amount of nasal traction 34 when performing the Caldwell-Luc procedure in tumors with significant posterolateral extension. 8 Therefore, we have added the endoscopic contralateral transnasal septectomy approach to the endoscopically assisted ipsilateral Caldwell-Luc approach. 8 The septectomy facilitates the binostril, 2-surgeon, 4-handed technique to provide greater medial access.
The patient described in Case 4 harbored the largest tumor in this series, with involvement of the lateral ITF and extension intracranially to the cavernous sinus. Here, a fourth corridor was added using an ipsilateral orbitozygomatic, extradural, transcavernous approach. In this instance, the orbitozygomatic approach was performed first to allow safe dissection of the tumor away from the cavernous sinus. Once the cavernous sinus and cavernous carotid were safely cleared of tumor, the remainder of the tumor was removed from below using the combined binostril and ipsilateral Caldwell-Luc maxillotomy corridors to remove the tumor from the nasal cavity and lateral ITF. Although a purely endoscopic approach from below could be considered, we felt that it was safer to do the transcranial approach first to achieve early clearance of tumor from the cavernous sinus and early vascular control of the cavern- Bilat nasal cavity, sphenoid sinuses, ethmoid sinuses, frontal sinuses, entire cribriform plate, ipsilat maxillary sinus, PPF, posterior nasopharynx, medial and lat ITF, intracranial, cavernous sinus ous carotid artery, followed by removing the remainder from the corridors from below. In our practice, we typically operate on JNAs within 24 hours of preoperative embolization. The 30° endoscope has been the workhorse for our endoscopic skull base practice, and we advance it to the 70° endoscope when needed in cases that require more angled visualization. We prefer using the 30° endoscope for all endoscopic skull base procedures, because of its versatility in providing the same degree of surgical exposure as the 0° endoscope, but with advantages of additional angles of visualization in a multidirectional fashion without having to repeatedly exchange the 2 endoscopes. The 30° endoscope, when focused laterally, is particularly helpful for JNAs that extend laterally into the ITF and maxillary sinus. Alternatively, when the endoscope is placed into the Caldwell-Luc maxillotomy corridor, the scope can be angled medially toward the maxillary antrostomy and nasal septum region. Within the nasal cavity corridors, the endoscope is angled upward to view the anterior skull base and inferiorly to better view the nasal floor and posterior nasopharynx. We typically do not use postoperative lumbar drainage when low-flow CSF leaks are encountered intraoperatively. However, selective use of postoperative lumbar drainage is considered when high-flow CSF leaks are present during surgery.
Our multiangle, multicorridor approach to JNAs of variable sizes and location represents a safe and effective strategy for surgical resection of complex JNA of the skull base. This concept of multicorridor surgery can also be applied to other neoplastic lesions, such as sinonasal malignancies and sinonasal schwannomas, involving the cranial base, particularly those involving PPF and ITF.
conclusions
Access to complex JNA of the skull base involving multiple compartments can be gained through an endoscopic graduated multiangle, multicorridor approach. Use of a multiangled, multicorridor approach allows for greater surgical freedom and customization of access depending on the size and exact location of the tumor. Graduated use of multiple surgical corridors provides individualized access to complex JNAs involving multiple compartments within deep areas of the skull base.
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